Abstract
Introduction 1
Seagrass meadows are the most diverse and productive habitats in coastal 2 ecosystems (Hemminga and Duarte, 2000; Larkum et al., 2006) and are utilized as 3 residence and/or transient areas by various higher-trophic-level consumers. Predatory 4 fishes are abundant in seagrass meadows, and they affect the abundance and biomass of 5 herbivore assemblages (Kikuchi, 1974; Bell and Pollard, 1989; Gillamders, 2006; 6 Horinouchi, 2007; Hori et al., 2009 ). The prey species for these fish comprise a variety 7 of animals with different morphologies, habitats, and life type that are closely related to 8 seagrass vegetation (Orth et al., 1984; Jernakoff et al., 1996) . The macrofaunal 9 community, which is the most important prey (e.g., Edgar and Shaw, 1995; Gillamders, 10 2006), can be subdivided into "functional groups" according to behavioral and 11 morphological traits such as feeding mode, mobility type, and degree of association preferences of major predatory fishes, which cause differences in habitat selection 16 resulting to facilitate their coexistence in a seagrass meadow (Bell and Westoby, 1986; 17 Connolly, 1994; Hindell et al., 2000; Horinouchi and Sano, 2001 ).
18
In order to explain how a prey macrofaunal community is utilized by different 19 predatory fish, the prey composition of various fish species has been evaluated by 20 quantitative and/or semi-quantitative dietary analysis (e.g., Platell et al., 1998; Linke et 21 al., 2001; Platell and Potter, 2001) . All the studies classify prey according to higher 22 taxonomic information (e.g., order and suborder) alone because of the difficulty of 23 identification into species level of prey in the stomachs and the lack of knowledge on 24 occurrence patterns of macrofaunal species in the study area. Thus, it should be 1 assumed in such studies that species in a higher-taxonomic group are more or less 2 similar to prey functional traits (e.g., prey cost and benefit for fish feeding). However, 3 variation in taxonomic diversity might not necessarily correspond to variation in prey 4 functional diversity (traits) in an ecosystem because adaptive divergence and 5 convergence are in conflict with this premise (Hooper et al., 2005; MacGill et al., 2006; 6 Yamada, 2008) . It is expected that prey utilization by predatory fishes can be better 7 explained if prey communities are classified according to their ecological traits closely 8 related to their functional traits (e.g., size, trophic level, habitat, and life type), i.e.,
9
"functional group" rather than taxonomic groups (Greene, 1985; DeWitt and 10 Langerhans, 2003; MacArthur and Hyndes, 2006; Petchey and Gaston, 2006; Boström 11 et al., 2006; Wright et al., 2006; Halpern and Floeter, 2008) . estuaries (Sato, 1940; Shiogaki, 1981; 1984; Yasu, 1985; Matsuura et al., 1993; 17 Panchenko, 2000; Panchenko and Vdovin, 2005) . Predatory fishes in the Akkeshi-ko 18 estuary, including the three above-mentioned species, are known to feed on a wide array 19 of invertebrate macrofauna (Watanabe et al., 1996; Hori, 2006) . It has been clarified that 20 the distribution of macrofaunal assemblages in the estuary varied greatly with regard to 21 functional groups (Yamada et al., 2007a) . It is thus expected that habitat use of these 22 three fishes associated with seagrass beds and foraging behavior related to the 23 preference of prey species may also differ among the three predatory fish species.
24
In the present study, we first evaluate the differences in habitat use (seagrass 1 meadow) among three dominant fish species and among size classes (age classes) in the 2 Akkeshi-ko estuary, northeast Japan, where extensive seagrass meadows have 3 developed. Second, we evaluate size-dependent changes in prey composition in order to 4 explain its variation. In this study, prey composition was compared between two 5 subdivided diversity categories, i.e., taxonomic group and functional group classified 6 according to prey functional traits (Boström et al., 2006; Yamada et al., 2007a; Halpern 7 and Floeter, 2008; Hori et al., 2009 ) in order to assess appropriate diversity categories in 8 accounting for the variation in prey composition. Further, from aspect of these results, i.e., habitat and prey group differences (taxonomic and/or functional group) among fish 10 species and size classes (age classes), we explore the mechanisms of the coexistence of 11 three fish species in this estuary. 
Materials and methods

14
Study area
15
The Akkeshi-ko estuary is located in the eastern part of Hokkaido, north Japan, 16 and belongs to the cold temperate zone. It is connected to Akkeshi Bay by a narrow 17 channel (ca. 500 m wide) (Fig. 1) . The southern part of Akkeshi Bay opens out into the is 10 m near the channel (Hasegawa et al., 2007; Yamada et al., 2007a, b) . Water flow in 21 the estuary is driven mainly by tide and wind (Hasegawa et al., 2008 In the present study, four vegetated stations were established for the collection of rainfall, and shoot density, leaf height, leaf width and seagrass growth) at each site in 17 sampling terms were summarized by Yamada et al. (2007b) and Tanaka et al. (2008) .
18
In the Akkeshi-ko estuary, total of 32 fish species occur in the fish community
19
( Watanabe et al., 1996; Hori, 2006) . Among the 32 species, 10 species are considered 20 resident and 22 species are considered migrant (Watanabe et al., 1996; Hori, 2006) . The 21 three fish species focused on in this study has been considered larger-size resident 22 species (Watanabe et al., 1996) . M. brandti is the most dominant and commercial 23 species, and was thus represented as the principal predator in this estuarine system (Hori, 2006). The other two species (P. dybowskii and P. crassispina) are recognized as 1 subdominant species (Watanabe et al., 1996) .
2
Juveniles of all three species were ca. <20 mm and lived in the shallow areas (< 3 10 m). All fishes commonly mature in 2 years (2-year age class, ca. 50-100 mm) Shiogaki, 1981 Shiogaki, , 1984 Yasu, 1985; Panchenko and Vdovin, 2005 Hasegawa et al., 2007; Yamada et al., 2007a; Tanaka et al., 2008 (%V) using a points method (Hynes, 1950; Hyslop, 1980; Linke et al., 2001; Platell and 17 Potter, 2001). In order to detect differences of temporal habitat-utilization of the seagrass 23 meadow among the three fish species, spatial and temporal variations in the density of 24 the three fish species (log transformed) were evaluated using two-way analysis of 1 variance (ANOVA). When a significant difference of main effects was detected, Tukey's 2 test was used to test for significant mean differences.
3
Age class structures of the three fish species were also evaluated to detect 4 which age class primarily utilized the seagrass meadow as its habitat. Size-frequency 5 histograms of the three fish species to evaluate year-class strength and life histories 6 were constructed using the pooled data (standardized for density). The number of 7 cohorts of the three species was estimated from these size-frequency histograms.
8
Parameters in the three fish species such as growth rates in previous reports were also 9 taken into account for cohort number estimation (Shiogaki 1981 (Shiogaki , 1984 Yasu, 1985; 10 Panchenko, 2000; Panchenko and Vdovin, 2005) .
11
In order to examine size-dependent changes in prey composition, a 1 where x is the TLB of the fish, α j is an intercept terms, and vector β j is a coefficient of 2 the explaining factor. The number of response variables differed among the fish species 3 (i.e., six for M. brandti and five for P. dybowskii and P. crassispina in the functional 4 group) because species belonging to the LA groups (shrimp and pisces) were found only 5 in the diet of M. brandti. Some taxonomic groups whose prey volumes were zero or 6 quiet low (<0.3%) were excluded from this analysis.
7
Differences in deviances were used to test the significance of the independent 8 variable (TBL). The parameter significance of the model (β j for each prey group) was 9 tested using Wald's test, which is based on the confidence limits of the odds ratio (odds 10 ratio = e parameter estimate ). An odds ratio of 1 indicates no effect. If the odds ratio was 11 significantly higher or lower than 1 (tested if the 95% confidence interval of the odds 12 ratio was 1), the proportion of the corresponding response variable class increases
13
(decreases) with the TBL compared to the proportion of the reference class (epiphyte 14 and PP group). Wald's statistics were also estimated to test the significance of the 15 independent variable (TBL).
17
Results
18
Seasonal variation in fish abundance and size distribution
19
A total of 351 individuals (inds.) were captured using the epibenthic sledge.
20
The mean abundance was 0.65 inds. m -2 (± 1.12 SD) for M. Site: F 3, 24 = 0.620, P = 0.609; Month × Site; F 6, 24 = 0.573, P = 0.748). The density of P.
10 crassispina in September was significant higher than that in June (Tukey's test).
11
Populations of the three fish species in the Akkeshi-ko estuary were mainly in 12 the 1-and 2-year age groups (Fig. 3) . Although the peak cohort for M. brandti in spring
13
could not be estimated due to the small number of individuals captured, a shift in the 14 peak cohort from 50 mm (September) to 80 mm (November) was recognized, which 15 was considered as the 1-year age group of the spring-born. In September, 2-and >2-year 16 age groups were seen at ca. 100-150 mm and >170 mm, respectively. In November,
17
cohorts for the >1-year age groups were seen at >160 mm, but were not distinguished The stomach contents of a total of 371 individuals of three fish species (20 5 inds. by the box drop-trap) were examined. Among these, the guts of 72 individuals 6 were empty. A total of 2,675 prey fauna were collected from the remaining individuals.
7
Small crustaceans were the most preferred prey for the three fish species 8 (Table 1) . Of the small crustaceans, gammarids and mysids were the major prey for P.
9 dybowskii and P. crassispina, and M. brandti and P. crassispina, respectively. Isopoda seagrasses, epiphytes, and algae) to the diets of all 3 species was less, but higher than
16
Mollusca, Polychaeta and Nematoda (2.7-6.8 %). Pisces and Decapoda were ingested 17 only by M. brandti (7.0 % and 8.9 %, respectively). Although higher proportions of 18 crustacean fragments were seen, these fragments may include body parts of identified 19 species.
20
Dietary contents of each species changed with size classes (Fig. 4) fish size ( Fig. 4c and f) . Proportions of diet content in each three species were also 4 different between prey categories, i.e., between taxonomic group and functional group 5 (Fig. 4) .
6
The logit model demonstrated that the proportion of some categories in the 7 taxonomic and functional groups varied significantly with size of the three species Fig. 5f ).
19
Major prey categorized in the taxonomic and functional groups with size class 20 (age class) changes differed among fish species (Fig. 5) . Prey variation for smaller size 21 in M. brandti can be explained mainly by both taxonomic (Mysidacea) and functional 22 group (DF group) ( Fig. 5a and d) . On the other hand, functional group categorization
23
could not explain prey composition with size-dependent changes for smaller size of P.
24 dybowskii and P. crassispina ( Fig. 5e and f) , while Mysidacea as a taxonomic group 1 was important prey contribution for smaller sizes of these two fish species ( Fig. 5b and   2 c). Larger sizes of M. brandti and P. dybowskii can be explained by both taxonomic 3 (Pisces and Gammaridea, respectively) ( Fig. 5a and b ) and functional group (LF and SA 4 group, respectively) ( Fig. 5d and e) . On the other hand, taxonomic grouping could not 5 explain prey composition with size-dependent change for smaller size in P. crassispina 6 (Fig. 5c) , while SA and BF as functional groups was important prey contribution for 7 larger size in this species (Fig. 5f ). Watanabe et al., 1996) , suggesting that spatial and temporal differences of captured
16
individuals by the present method can reflect the temporal and spatial patterns of 17 relative abundance in the Akkeshi-ko estuary.
18
Occurrence pattern and structure of temporal shift of the peak cohort of 1-age in September, and a temporal shift of the peak cohort of 1-year age group in P. has been found in other vegetated coastal areas (Kikuchi, 1974; Bell and Westoby, 16 1986; Connolly, 1994; Horinouchi and Sano, 2001; Horinouchi, 2007 Table 2 . Parameter estimates of the logit model. Estimates of the coefficients relating fish size (mm) and percentage ( V %) of each prey taxonomic group per reference group (V % of epiphyte) is given with respective standard errors, odds ratios, confidence limits and Wald's statistics. Some taxonomic groups which prey volumes were zero or quiet low volumes (<0.3%, see Table 1 ) were excluded from this analysis. Significant parameters are denoted by asterisk, ***; P <0.001, **; P < 0.01 and *; P < 0.05. 
